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Figlire 4. Calibrating a 
Type 759-B Sonml-Iievel 
Meter in the General Radio 
standardizing laboratory. 


THE NOISE PRIMER 

PART III 

THE DECIBEL-WHAT IS IT? 
• IN SOUND MEASUREMENTS 

the results are expressed in deeihels. The 
liigher the duiiiIkt of deeihels, the louder 
the sound. Zt'ro deeiliels represent 
roughly the tveakest sound which can be 
heard by a person with very good hearing. 
In practical noise measureinenls anything 
below 2i decil)p|s can generally be considered so nearly inaudible as to 
be of no iiu()ortaiice. In fact, except in unusually quiet locations, noises 
below 40 decibtds may generally be disregarded. 

From the strictly technical standpoint, a given numlM^r of decibels 
represents a ratio, since the decil>el is a logarithmic, unit. In terms of 
sound pressure the for¬ 
mula is 

<lb= 20 logic— (1) 

where Ei and E 2 repre¬ 
sent the two sound 
pressures being com¬ 
pared.^ This applies 
only under conditions 
where the power is 
strictly proportional to 
the sipiare of the pres¬ 
sure, which is generally 

*Thi« is tile same formula that is 
used in electrical commiinicatmiis 
to compare two vollaRes ofieratiiig 
at the same impedance levels. 
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Inic for sound measurenienls in air. 

In sound nieasiiremmls deriliels rcp- 
n*s4*nl not mcroly ratios, luit absolute 
levels, since a standard reference level 
has been agreed U|>on. This level is 0.002 
dynes p'r square centiineler at 1000 
cycles.® ddiis reference level is approx¬ 
imately 16 db below the average thresh¬ 
old of bearing.® 

Do Not Add Decibels 

Since the decilad is essentially a log¬ 
arithm, addition of decil)els pnHlu<*es 
multiplication of sound pressures. For 
instance, increasing any sound level by 
6 deciliels is equivalent to doubling the 
sound pressure. Do not try, therefore, to 

^Sound-level meter microphone* reepond to eniind pres¬ 
sure. 0.0002 dynes per square rrnlimrter is the practical 
equivalent of I0*i* watts per square centimeter, as stwrifieil 
in the .\nirriran Standards Aesorialion Bulletin 7.24.3— 
I<)36. 


atld two sound levels together by ordi¬ 
nary addition. Sounds of a general and 
complex nature add approximately as 
the relative sound |M>wer involved. That 
is, two sounds of equal power, when 
added together, produce twice the power, 
which is \/2 times (not twice) the sound 
[tressure. 

d'lie Ftpiation (1) for tiecihels ex¬ 
pressed in terms of sound pressiu*e rep¬ 
resents a 8{>ecial case w hich is valid only 
because, under conditions generally en¬ 
countered, the air has a constant ini- 
f>edamT. The more fundumental ecpia- 
tion is expre.ssed directly in terms of 
p)wer anti is 

.11. = 10 logic § (2) 

where l\ and are the sounti powers 

•See Steinberg, Montgomery, and Gardiner, "Keaulteof 
the World’* Fair Hearing Tevt*,” Journal of the Acouetical 
Society of America, V’ol. XII, No. 2, page* 291-301, October, 
1040. 


Copyright, 194.3, Ccnernl Hadio Coni|>nny, Cambridge, Maas., U.S.A. 


Fighrk 5. Krror inlrtttlurecl in soiiiii] rneasiireineiits by hackgroiintl noiso (from I.. E. Packard, 
’^'Background Noise (Corrections in lltc Measurement of Machine Noist*,” (General Radio /vrper- 
ime/i/rr, Vol. XII, pp. 6, 7, I)t.*c., 1937). 
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EXPERIMENTER 


iuvolveiL’ 'riit* starKlaril zero reft*rene>e 
level in terms of |)o>ver is ap|>ro.\iinately 
10“^* walls |M'r H<|tiare eeiilimeler al 
KXK) 4 yeles. 

A sliile rule, lo^aritliiii table, or, iiion* 
eonvenienlly, a ileeil^el table (obtainable 
on re(|iiesl to the General Kadio (loin* 
paiiy) is aeeorclingly neeessary for 
adding togellier souml levels expressiMl 
in deeiliels. 

Aa an example, assume a sound of 50 
deeil>els is to l>e added to one of 53 
deeiUds, lxM»king in the deeiUd table, 
we iind that the first represents a rid- 
alive |M»wer ratio of 10\ while the sec¬ 
ond represents a relative |K)wer ratio of 
2 X lf)^ Adding these logellier, we gel 
a total of 3 X 10^ vsliieli is ecpiivalent 
l<» 51.8 decibels. 

A simple relation to rememl»er is that 
<ionbling the sound |>ower is about eipial 
to an iiUTeaw* of 3 decibels, so that when 
eipial sound levels are added together, 
regardless of their actual value, the re¬ 
sulting level is 3 de<*il)els higher than 
that of the originals. Thus, dO db -h 
M) db » d3 db, etc. Jf you add to a first 
sound a si^cond which is 10 db lower in 
level (I/IO power) the resulting level is 
O.d db higher than the first sound alone, 
whiidi is a negligible increase f<»r most 
purposi‘s.* 

Background Noise 

One <d the iiu»st friMpieni applicali<»ns 
in\olving the aildition or sublra<‘tion of 
sound levels is the corre<-lion of readings 

''rill# tn llir rtiiti'l rf|Mi» ttletit of lli« rlr«;lrur«l raH«. «iiil llir 
runiiiilii llir aiunr ai« llial Hhirii a|i|ili(*n in Kforrul tHtfii* 
%»lirrr xrni Irvel in oniially I iiiiili* 

M^Nll in » MMI-oliiii line. 

rxi n|ili«ui li» ihi* mimiM Ih* Mltni llit* iwii •uHtinin vierr 
of iMMrkrdly (lifTrrrol rliMriirtrr. i'liit* «vili lir in • 

Intar Mrlirir. 

rii;t He (». lt«*latioii lirtMcrri loiHiiirT*8 Irvrl, 
from '*Aiiirrit'uii .‘^tandartl for NtiihC MruHiirc- 
inriil.'* \iiioriraii .\^*^4M'ialioii 

Inin /2\.2 \*iV2. 


for background noise. Ordinarily, of 
course, sound measununents should be 
made under conditions where the back¬ 
ground noisi‘ level is negligible — that is, 
at least 10 db Indow the level being 
measiu’cd. However, this is not always 
possible, and the curve shown in Figure 
5 is convenient in ihosi* <*ases. The hori¬ 
zontal scale of this chart represents the 
difference in sound-meter reading with 
and without the machine under test in 
o|ieration. 'I’he vertical scale represents 
the nuinlK^r of db to Im* subtracted from 
the total Heading (machine plus back¬ 
ground noist*) to obtain the noise level 
generated by the machine alone. 

Loudness 

It is generally assumed that the re- 
s{M>nse of the ear to variations in sound 
intensity is logarithmic, but this is not 
strictly true. Figure 6 reprt*sents the a«:- 
tual relationship iMHween the loudness 
as estimated by a large nundM*r of ob- 
st'rvers and loudness b*vel. This curve 
shows loudness in L. L. (Ix)udness 
I'liits) piotle<l versus loudness level in 
phons.**^ Loudness level in phons is ecpiiv- 
alent for most prac'tii'al pur[K>ses to 
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tfOiind Irvel as iueasiirc<l by a sound* 
Irvirl Ulster, assuming that the meter has 
exaelly the correct frequency res|M>nw‘ 
for I lie particular level iHung measured. 

•A nmiiilcte tabic of the fumuiun pli»tte«l in Kigiirr 6 ia 
fiveii in the American StanJanla fur Notae McaRiiremcnt, 
A.8.A. flullelin /2'i.2 —l‘M2. ThU infurnialkin U baaed ufMin 
the paiier by Fletrlierand Miinaonin llir OtIuImt, 1933, inane 


of the journal of the Aoouitiral Society, referred to laat 
mouth in Note 1. 

In the atricteat interpretation, loudneaa level in pltuna ia 
meaaured by adjuating a lOOO-eyrle tone to exactly the name 
loudneaa aa beard by the ear aa the noiae being meaaured, 
and then meaauring the intenaity of the lOUO-cycle lone aa 
with a aound-level meter. lioudneaa le«-el and aound level 
rocreapond exactly, llierefore. only for 1000-cycle tonea. 

Aa a practical matter, a aound'level meter, when tlie net¬ 
work oorreaponding moat cktaely to the lerel being meaaure*] 
ia uaed, providea readinga eluaely approximating loudneaa 
level in pbona. Phona and luudneva iinita are seldom oaed in 
machinery noiae problema, but do have some application in 
phyaiologiral and paycbological work. 


PART IV 

HOW TO USE A SOUND-LEVEL METER 


Operating Instructions 

Mamifactliners have Irietl lu make 
souiul-level melcrs as simple lu o|)erate 
as possible. The instruction sheets cov¬ 
ering I he actual mechanics of o|N‘rating 
(huieral Hatlio (!onipan)*s 'I’yph TiiO-A 
and T’vpk 7S9-H instruments are 
moiinled in the covers. For llmst* hIio 
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may lye imat*<piainled with the instru¬ 
ments, however, the following may In* 
of interest. 

A standanl soimti-lcvel meter has, 
asitle from various minor <‘ontrols, three 
main controls anti indicators which arc 
list'd in taking the ri'utlings. T'he first of 
these is a knoh generally marketl 
’’Weighting’’ anti providing clioiee of 
any of ihn'e freqiieney ehar- 
acteristies shown in Figure 2 
of last montirs article. T’he 
secoml is a knob generally 
marked ” I)eeilM*ls, ” w hich 
shifts the sc'iisitivity of tlit* 
instrument in steps of 10 <ih. 
T'he third is an indit'ating 
meter <‘alil»ra(ed over a range 
of approximately 16 tlh, w hich 
in efTeet inter|Nylates l>etween 
the readings of the deeilN'Is 
control. In o|)eratit>n the reail- 
ing of the meter is added t<i 
that of the tleeiU'Is control. 

Other controls arc generally 
provided for cheeking the eal- 
ihration, changing the meter 
8|H*ed, etc. 

Test Code 

The .\merieaii Institute of 
Kleetrieal Kngineers has ft>rnui* 

Fioi'RR 7. Panel View of ibe 
(»enerul Ituilio Type 7S9.B Soiiinl- 
l.evel Meter. 
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EXPERIMENTER 


laled a test rode covering certain stand¬ 
ard iiietliods of procedure particularly 
well adapted to the measurement of 
noises made by electrical machinery. The 
cotie is hy no means complete ami ctmse- 
(pieiitly tloes not apply in all <*ases, 
but it does form a basis for more 
s(>eciali/.ed tootles applying to individual 
applications.'*' In particular, it specifies 
stamlard test distances uhich can gen¬ 
erally be followed in almost all cases. 
The standard test distances are 6 inches, 
1 foot, and 3 feet. The distance should 
he measured l)etween the nearest major 
surface of the machine under test anti 
the microphone. When the microphone 
is mountetl close to or on the sound- 
level meter case, that end of the case 
should face the sountl soiu*ce. 

Microphone Placement 

Kemember that the sound-level meter 
measures sountl [)ressin*e at the mic.ro- 
phone, and that the sound pressure va¬ 
ries throughout a normal room and 
arountl a machine or other sound source. 
Microphone placement is probably the 
most im|K>rtant ofH'ration in the noise 
measurement prm'ediire anti abt)ut the 
only 'Trick” that has to Ik! masteretl by 
the beginner. 

I.E.E. Teat Code for Appamtua NoUe Meaatirriiient, 
A.I.R.K. Bulletin IVo. S20, Mandi, 193Q, publialied br 
the American Institute of Electrical Engineen, 33 V( e«t 39tii 
Street. New Vurk, N. Y., price 30 cent*. The tent codeia now 
Itcing reviaed by tbe American Standards Aaaociation in 
mllaboration witb the A.I.E.E. Information on ibe reviaed 
code will be aupptied aa toon at it it avadable. 


To measure with great accuracy the 
total noise output from a machine, it 
would Ir* necessary to take an infinite 
number of measurements all arountl the 
machine and integrate the results. In 
actual practice measurements are made 
at equal intervals around a machine and 
at a fixed distance from it, the actual 
number of such measurements de|>end- 
ing upon the complexity of the sound 
pattern and the im|)ortance of the re¬ 
sults. WTiere extreme accuracy is not re¬ 
quired, and particularly w hen the read¬ 
ings to be averaged are within a range of 
10 decibels or so, a simple arithmetic 
average of the deciliel reailings is gen¬ 
erally sufficient. 

A more exact method involves 
converting the decibel readings to their 
corresponding relative power values, av¬ 
eraging these, and converting back to 
decibels. The procedure is similar to 
and involves the same equation as that 
previously described for the addition of 
sound levels, except that in this case the 
sum of the corresfamding p«>wer8 is 
divided by the numlR'r of readings to 
obtain an average, as shown in Table 
I, below. 

Tliis is the fairest way of comparing 
machines of different ty|)es or charac¬ 
teristics, but a simpler prmiedure can 
generally bt* useil when comparing .sim¬ 
ilar machines, as in production testing. 


tabit: I 

Microphone Decibels Reiatii'c Sound Poiver 

Position _ Sound Letvl(AntUog I /10 Sound Level) 


1 

50 

100,000 

II 

55 

316,200 

III 

70 

1,000,000 

IV 

55 

316,200 



4)1,732,400 total 


433,100 average 

10 logic 433,100 = 56.4 decil)els. 
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A Ifrtl position can Ik* 8c*lei*lfMJ 
gives a single reaiiing that varirs rU>soly 
with the a\erage nois** as deterinineil hy 
the above method. I'hih single test pi»- 
sition is not necessarily one giving the 
sanw reading as the average. Lsiially it 
will be the position providing the 
higfwst reading. 

This prcKX'diirc may Ik* iiioili(i(*d in in¬ 
dividual eas(*s. For maehines having a 
very pronouneed noise pattern, two or 
more test |>ositions providing fairly high 
readings might be used. On sueh ma¬ 
chines, it is sometimes desirable, in order 
to get a bt*tter cheek on the total noise, 
to measure the level at ihew several 
maxima in the noise pattern and average 
the results, cither arithineti(*ally or ac¬ 
cording to relative jH>wer levels. This, of 
course, yields an average higher than the 
general average, and usually a more sen¬ 
sitive one. It provides a fair comparison 
onl\ between similar machines. In <rom- 
paring dissimilar ma<‘hines. only a gen¬ 
eral average, taken with as many micro¬ 
phone (Kisitions as necessary, will Im* 
fair. 


Choice of Weighting Curve 

\side from niicro(>hone placement, se¬ 
lection of tin* 4•or^ect weighting lairve is 
the next im|H>rtant factor in making 
noise ineasiin*in<*ntH. (ihanging the 
weighting curve 4*an pHnluce varia¬ 
tions in the results ranging from neg¬ 
ligible diffcn*nccs in the medium and 
up|K*r frequency range to variations of20 
or .30 dcciliels at low fre^juencies. 

W hen all that is desin*d is knowledge 
of the sound level at tlu* microphone, the 
prohlein is relatively simple. The follow¬ 
ing table shows the sound-level ranges 
ami the weighting 4'urve re<*ommended: 


SiHtnd^Lvt'^A Ranff} ireighting Curve 

21- 55 dh A (10 4lb) 

55- 85 dh B (70 db) 

85-1 10 <lb C (Fqual resjionsc 

over entire range) 

Strict use of this table will sometimes 
be inqM>ssible. For instance, a sound 
may read 54 decil>cls on the A charac¬ 
teristic and 56 tleciliels on the B, due to 
the greater weight given to low fre- 
((uencies on the B curve. Similarly, al¬ 
though not so likely, a sound with a 
large amount of energy in the region of 
2000 cycles might possibly read 56 <lb 
on the A curve and 54 db on the B. 
There is still, therefore, s<»me judgment 
required in choosing the lK*st curve to 
use under these conditions, but the fol¬ 
lowing priK-edure is generally satisfac¬ 
tory. If the measurement is one of a 
series, most of which fall well within the 
rang<* of a particular curve, this setting 
should In* used for all measure men ts. 
If no such clear-cut chstiiu'tion exists, 
it is desirable to ret'ord im*asurements 
made with Inith curves, noting, of 
course, the curve designation as well as 
tlie level. Where ai'tual loudness is im¬ 
portant. rather than inert* changes in 
loudness or physical values, it is some¬ 
times flesirable to make nieasurt*ments 
on both curves and average the results. 

il^'^iys n*(’onl tlw uvighting vurrv 
tlvsi^nation as 1^*11 as the tIeeiM l alues. 

Noise at Distance 

It is not always the sound level at the 
microphone which is im|N»rtant. but 
rather the anno>ance which the m»ise 
will produce at some distance. I’nder 
these conditions the choice of tla* weight¬ 
ing curve should l>e bast'd u(h>ii the 
level at the [Miint where the annoyance 
exists, although measurements may ac¬ 
tually Im* made close to the machine as a 
matter of tronveiiience. 
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For iiislanc'e, assume the problem is to 
quiet an airplane motor test rhamlier so 
that, with an engine running under lest 
at full s|M*e<l, neighlN>rs some dislanee 
away will not In* tlisturlied by the iioiw?. 
Assume that at the neighbors’ homes the 
sounil has a level l)elow 55 deeil>els. 
Measurements made on the test eham- 
l>er, therefore, even though they may he 
made elos4‘ by as a matter of eonvenienee 
and at a level considerably almve 55 
deril>els, shouhl Ik‘ made on the A (40 
«lb) eharaeteristi«\ 'Hie measurements 
then will Im‘ a much bi'tter indiealion of 
the value of any quieting prot'ediirt* than 
if tliey were made with the B c»r the C 
charaeteristie, since the meter will be 

IF YOU MUS 

• WHEN YOU COMMUNICATE 

with us r»n business or techni<'al matters, 
letters an* by far the most satisfactory 
method. TIm'v make a |><*rnianent record 
ami all«»w time to prepan* a well *»r- 
gani/ed and complete n*ply. 'Flie next 
In'sI method is to lelegrajdi. Fliis rnethoil 
still gives tilt* |i«‘rmanent recortl, hut it is 
usually less cfunplete than a let ter can he. 

If, luiwever, the retpiiremcnt Is tot> 
urgent to |M*rinit the use of slower 
mt*lho<ls, and telephoning is ess4*nlial. it 
is highly tlesirahle to have ytuir t*all 
ntiileil tti lilt* prt>|N*r [M*rson with a mim 
imiim of ilelay. Naturally, with the 
huntln*tls of active ttrders hantlled ever\ 
tiay, nt> one |M‘rst)n in our orgatii/.alitm 
can knt>w all the answers, hut the ftdlow- 
ing list intlicates those* who are likely to 
In* lN*st informed t»n the various siih* 

USE OUR DIST 

• MANY OF OUR CUSTOMERS 

know that the (General Hatlio (Company 
maintains hran<*h engint*ering idlitvs in 
\ew York (iity anti Lets Angeles. (!ali- 


operating with a frequency response 
more nearly duplicating that of the ears 
of the neighbors iintler the actual lis¬ 
tening conditions. 

Physical Measurements 

Wherever actual physical measure¬ 
ments of soiintl pressure are desired, or 
where the soiintl meter is to l»e used with 
an analyzer, it is generally tlesirahle to 
use tlie C characteristic, which provides 
substantially etpial res|»onsc over the 
autlio-frequency range. Keasons for this 
w ill In* discusstMl in a later article. 

— II. li. Scott 

TELEPHONE 

jects. hen in tioubt, ask our 0 |K*rators. 
'Ft! determine the tie livery status of 
ttnlers already plat'cd: 

Mr. II. V. Ilokaiison F\tension 25 

'Fo check matters of credit: 

Mr. C. E. Hills, Jr. Extension 50 
Fo impure about prohahle tit'livery and 
prices of equipment untler consitleration, 
but not ttnlered; 

Mr. -M. 'F. .Smilh Extension 30 

Mr. 1. (f. Easttin Extension 94 

Fo intpiin* abt>ut matters |N*rtaining to 
maintenance and repair: 

Mr. II. II. Dawes Exteiisitm 24 

Mr. K. \tlams Extension 79 

It must Ih* t‘mphasi/.t*fl that it takes 
time to check up on the myriuti tletails 
that may Ik* associated with an order — 
with luck, it may Ik* only a few minutes, 
hut it often takes much hmger. 

RICT OFFICES 

fornia. This fact may ha\e lH*en over- 
hN>ked by others re<*<*ntly transferred to 
these areas. 

'Fhese offices ha\e lK*en established 
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primarily for tlu* ronvenience of our cus¬ 
tomers in the regions served. Kach 
office is in the I'harge of a menibt*r of our 
(Cambridge engineering staff, who is pre¬ 
pared to furnish teclinical data rcganl- 
ing the instruments which we manufac- 
lure and to recommend uses and 
applications. Much information which 
ordinarily would be transmitted to the 
customer in letter form is available by 
telephone in the New York City ami 
Los Angeles areas. 

Kvery effort is made lo keep I he Dis¬ 
trict Office engineers fully informeil of 
the current delivery situation of all of the 
many catalog items which we manufac¬ 
ture. It is often possible for these offices 
to suggest satisfactory alternative ar¬ 
rangements of test e<piipment on which 
the shortest delivery can Ir' realized. 

A limited stock of general catalogs 
and bulletins relating to s|>ecial instru¬ 
ments is maintained at these offices and 
will be forwarded upon request. 

Under pn'sent conditions it is tliffi- 
cult to keep the District Office engineers 
fully infornuMl of the status of the many 
orders placed with us. The delivery in¬ 
formation on fde at these offices is suf¬ 


ficient so that a valitl estimate of the de¬ 
livery on a new inquiry <*an l»e made on 
the basis of a high priority rating. If, 
however, you wish s|iecific delivery in¬ 
formation on an order which has lRH*n 
placed with us for some time, our Dis¬ 
trict Offices w ill obtain the data you re¬ 
quire from our factory, and will see that 
the report reaches you in the minimum 
possible lime. 

Service difliculties cannot usually be 
handled in the field or at the District 
Offices. However, our District Office en¬ 
gineer will l>e glad to consult with you 
regarding any trouble which might 
occur. He may Im* able to suggest minor 
adjustments and repairs that you can 
make in your own plant with the help of 
our Service and Maintenance Notes, and 
w ill make arrangements for service work 
to l>e done at our factory when requiretl. 

The engineer in charge of our New 
Y'ork (Yffice, at 00 West Street, is Mr. 
L. K. Packard. Mr. Packard may he 
reached by telephone at COurtlanfit 
T-OB.YO. Mr. Frederick Ireland of our 
engineering staff is hx'ated at our oflice 
at 1000 North Seward Street. I^os 
Angeles, (California. He may l»e reacheil 
at IIollvwTMid ()32I. 


SERVICE DEPARTMENT NOTES 

ERRATA 


• THE FOLLOWING ERRORS 

have lieen noted in service information 
published in re<'enl issues of the Kv- 
perimenler, 

NovemlR‘r, 1042: 

In the article entitled "Orders for Re- 
plaeement Parts,’’ the plug liste<l as 


Typk 2173, page 8, shouhl have Im'cii 
2713. 

January, 1013: 

In the list of substitute batteries for 
Type 8ll-\M Amplilier, page 7, for 
"an> 115-volt flashlight cell," read "any 
1.5-voll (lashlight cell." 


GENERAL RADIO COMPANY 
30 STATE STREET - CAMBRIDGE A, MASSACHUSETTS 
BRANCH ENGINEERING OFFICES 
90 WEST STREET. NEW YORK CITY 
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